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Differential measurements of Higgs boson production in the 7-lepton-pair decay channel are
presented in the gluon fusion, vector-boson fusion (VBF), VH and tfH associated production
modes, with particular focus on the VBF production mode. The data used to perform the
measurements correspond to 140 fb~! of proton—proton collisions collected by the ATLAS
experiment at the LHC. Two methods are used to perform the measurements: the Simplified
Template Cross-Section (STXS) approach and an Unfolded Fiducial Differential measurement
considering only the VBF phase space. For the STXS measurement, events are categorized
by their production mode and kinematic properties such as the Higgs boson’s transverse
momentum ( p?), the number of jets produced in association with the Higgs boson, or the
invariant mass of the two leading jets (m;;). For the VBF production mode, the ratio
of the measured cross-section to the Standard Model prediction for m;; > 1.5 TeV and
pH > 200 GeV (pi! < 200 GeV) is 1.2970% (0.12*9-31). This is the first VBF measurement
for the higher—p%I criteria, and the most precise for the lower—p¥ criteria. The fiducial
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d d g o cross-section measurements, which only consider the kinematic properties of the event, are
performed as functions of variables characterizing the VBF topology, such as the signed A¢ ;
between the two leading jets. The measurements have a precision of 30%—50% and agree well

with the Standard Model predictions. These results are interpreted in the SMEFT framework,
and place the strongest constraints to date on the CP-odd Wilson coefficient ¢ gy .
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Standard Model of Particle Physics

Current state-of-the-art understanding of the fundamental particles of

Nature and their interactions

mass - 2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c? 0 =126 GeV/c? — ConSiStent With a” ObservatiOnS made in
el @ I- @ I- @I @ & laboratory experiments, except gravity.
up charm top gluon ggggﬁ

- All particles predicted by the Standard
Model (SM) have been observed since

d t bott hot
own Sangs gitom il was found at the CERN
f)1.511MeV/c’ :I:)S.?Mewc’ 71.77?GeV/c’ 21.ZGBV/C‘ Large Hadron Collider (LHC) in 2012.
12 e 1/2 u 12 T 1 ; |
electron muon tau Z boson )

y  <22evic? <0.17 MeV/c? <15.5 MeV/c? 80.4 GeV/c? - Some CrUCial aStronomical phenOmena
. .. | @ | are not described (e.g. dark energy, dark
; | matter, Baryon/Anti-Baryon asymmetry).

electron muon tau

neutrino neutrino neutrino W boson



LHC & ATLAS
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World’s largest and most powerful particle accelerator

27 km ring of superconducting magnets

protons are accelerated and collided at centre-of-
mass energy (\/s) of 13 TeV in Run 2 (2015 - 2018).

Tile calorimeters

LAr hadronic end-cap and

Pixel de ; forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker

46m
Weight: 7000 tonnes

Detects individual particles (e.g. e, i, y and jets)

created in the more than one billion proton-proton
collisions per second.

Records the trajectory, momentum and energy of
particles
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Higgs Boson Production at the LHC

- gives mass to the elementary particles through the Higgs mechanism.

Gluon-gluon fusion Vector boson fusion Vector boson associated Top pair associated Single top associated
(ggF) (VBF) production (VH) production (ttH) production (tH)

g

elative contribution g7 79% 4% 19

for\/g = 13 TeV



Higgs Boson Decays

- Branching ratio is the probability that the Higgs boson decays to a certain final state.

W/Z Y tfu
W
7 p—— H == W H P ro— ¥ ——
W
W/Z Y/ £ b/c i (1
hin
Branching .o, wwy/3% (z2) 0.2% (y1)/0.2% (Z y) 58% (bb)/2.9% (cc) 6% (11)/0.02% (au)

Ratio



7T Analysis

PATLAS ~ _

EXPERIMENT

(= Ty, r,epv)

(= Ty ,4;5 rlepu)

- Measurements of Higgs boson
production are crucial tests of the SM.

- Attractive features of the 77 final state:

- Sizeable branching ratio - largest of
Higgs boson decays to leptons

- Comparably distinctive signature

Run: 350144
Event: 1545345207
2018-05-13 02:47:13 CEST




ATLAS H — 77 Analysis

Cross-section is a measure for the probability to produce the Higgs boson in proton-proton collisions

Production cross-section measurements

Measurements per production mode Differential cross-section measurement

- Individual cross-sections for ggF, VBF, VH and ttH - Measurements as function of some interesting

observables (e.g. sensitive to potential new physics)
- Further subdivide into kinematic categories

- example observable: A¢;'9ned, very interesting
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because it is sensitive to charge-parity (CP) violation




Signal and Background

Signal signatures:

c
- Visible products of 7 decays @ 1200
)
=
o _ <I>> 1000
- Invisible neutrinos from 7 decays,
reconstructed based on 300
momentum
conservation in transverse plane. 600
- Two Hadronic jets for VBF 400
production
200

Top and other backgrounds

— ATLAS

i _ ¢ Data Misidentified
i "3__)=T1T3T9V"4°fb M H-TT (x0.93) EEE Others

= el Z-TT U taint
[ VBF_0 p¥ <200 GeV ° ncertainty

- Post-Fit

Top

arXiv:2407.16320

- Estimated using Monfe
Carlo simulations.

- / — 77 estimated by
Monte Carlo simulation
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Vector Boson Fusion

(VBF)

q q

Data-driven technique is used

to estimate this background.
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VBF Categorisation

S A ]
s 10 E ATLAS ¢ Data =
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- Machine learning (Boosted Decision Tree) is used . =
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Events/ 10 GeV

Statistical Analysis

- Binned maximum likelihood fit is performed to determine central values and uncertainties of cross-sections.
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Results & Conclusions

Cross-sections for kinematic categories Differential fiducial measurements

| L I UL I L I UL I LI I 1 %| 2 4 1 T T | T I T T T T | T T T T T T T T T T T T T T t
ATLAS Hott fs=13TeV, 140 fb g , o= ATLAS ~4- Data,tolalunc. W Powheg+Pythia8 ~ 3
=Tot. Syst. ."Theory p-value = 6% £ “E {s=13 TeV, 140 b Data stat. unc. A Powheg+Herwig7 =
5 2 v MadGraph5+Pythia8 #=== ggH+VH+ttH —
Tot. (Stat. Syst.) 2 — —
_ /061 , +038  +0.49 > 1.8 —
gg—H, 1-jet, 120 < p? <200 GeV =o={ 0.35 561 (037  oas ) 2— 16 — O I —
gg—H, > 1-jet, 60 < p:' <120 GeV f=a==] 0.50 iggg ( tggg ig;g ) -;;\O 1 .4 E_ X _E
0. +0. . » = -
gg—>H, > 2-jet, m <350, 120 <p!! <200 GeV j=o=i 0.53 “072 (o4 oss ) © 1.2 * —=
gg—>H, > 2-et, m. =350 GeV, p'' < 200 GeV Rl 5.09 0% (e el = f )\ —
+0. +0. . 0.8 —
gg—H, 200 < p' < 300 GeV tot 0.99 T3 (025 o2 ) E =
y 1.51 +0.59 +0.44 +0.39 06:_ 4 _:
gg—H, p_” > 300 GeV =] D1 50 (Zo4s  Zo2s ) 0.4F— =
qq—>Haq., > 2jet, 60 <m <120 GeV il 0.94 “Jee (oe Toae ) 0J72] =S I S ——
gq'—Hqq', = 2-jet, 350 < mjj <700 GeV, p:' <200 GeV [ -0.96 ﬂ;: ( tgg? t?g; ) _I, — I‘ I. — I — I — I ..... E— -
© — -
qg—>Hag’, > 2-et, 700 <m <1000 GeV, p!! < 200 GeV ey 0.24 750 (‘960 loes ) 8 W ¥ Y | =
ag->Hag’, > 2-et, 1000 <m <1500 GeV, p'' < 200 GeV ol 1.68 ‘001 (o2 1o S 1 i | | L] -
qq'—Hqq', > 2-jet, m_> 1500 GeV, p' < 200 GeV loi 0.12 ig:gg ( tg:gg ig}g ) o - E_ - - : - E
” ' 0.87 075  +0.44 3 2 - 0 1 2 d 3 7
qq'—Hqq', = 2-jet, 350 < m < 700 GeV, p: > 200 GeV e -1.16 io:m ( J_ro:55 0.59 ) A(I)j?lgne [rad_
. +0.73 +0.67 +0.28 . . . . . .
qa—Had, 2 2-jet, 700 <m, < 1000 GeV, p{' =200 GeV ot 0.98 T3 (lose o2 ) - Results are consistent with the SM predictions. Similar results are
qa—Haq’ = 2]et, 1000 <m <1500 GeV, p!! =200 GeV HH 140 D50 (Lar %) found in other decay modes and by the CMS collaboration.
aq—Hqa, = 2-jet, m > 1500 GeV, p' 200 GeV I 1.29 1’8:23 ( t8;§2 1‘8;12 )
y o1 *18 +1.5 408 . ] ] o
ttH, p'! < 200 GeV ——t s (Gs 0 G ) - Higgs to 77 decay channel is particularly sensitive to VBF
+1.3 +1.1 +0.6 . .
tH,200 <p! <300 GeV | et 22 47 (s 0 ) production and for high transverse momenta.
ttH, p" > 300 GeV ————y 36 5 (5% 9)
T L1 1 I L1 1 1 I L1 1 1 | L1 1 1 I L1 1 1 I 1
0 5 10 152 B)meas/%OxB)SM - No signs of the CP violation have been found.
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